INPLCENGE 0E LIGNIN AND. OTHER. WASTE MATERIALS UN PLAN 


By STUART DUNN' 


T GIO VTIE 


RESUMEN 


Se enltivan plantas en agua. na, agregándose lignina. finamente tritn 
s otras sustaneias eoloidales para modifiear la textura. Ninguna de ellas tuvo 
efecto aligumo sobre los eultivos en agun 0 grava, pero promovían el erecimiento 
en eultivos de arena. 

Se enltivaron plantas en tierra, agregindose lignina y otros eompuestos orgá- 


D 


vos, tanto para eultivos de eoseeha üniea (no residuales) como para cultivos 


sucesivos, para observar los efectos residuales de estas substancias sobre coseelias 


imo suelo, 


consecutivas en el m enda grnpo, algunas eosechas aisladas demos- 


»ron haberse benefieiado con los tratameintos, al compararlos eon cultivos en 
ru sin tratar, Pe 
ii se eoneluye que las v 


o las difei 


eneins medias resultaron carecer de importaneia. 


ntajas que resultan de esos tratamientos, no pueden 
robarse o porierse en evidencia en cultivos de invernáenlo. Éstas se deberían 


paeidad aumentada de retener los elementos nntritivos en eontra de lo 
efectos del lavaje, ete. Los tratamientos citados son lejos más efectivos en culti 


ivados en eampo abierto, y bajo estas eondieiones deben mirarse sus 


21 test. preliminar de Ia. veloeidad con que se realiza el pro- 


posibles beneficios. 


eso de deseomposiei 


Mizarlo en eul- 


de nn abono, en eambio, es preferible 


Vivos de invernseulo. 


1 agregado de lignina al suelo, no inerementaba el contenido de almidón en 
pas habiéndose utilizado plantas de la variedad Katahdin, qne suele caraeteri- 
zarse por sn bajo porcentaje de almidón. 


La adición de corteza finamente desmenuzada, parecía tener cierto valor en 
euanto a la r cos qne ejercen. elevados porcentajes de 
sales nntritivas en. el. suelo, siendo por lo demás, dndosos sus efectos bené 


dueeión de los efectos tóx 
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VI sia) 


ado de residnos de destilería no benefieia a los enltivos comparados 


con eultivos de control. 
Cultivos en aren 


on aserrín en. descomposición. demostraron que este mate- 


grado de descomposición ex sufie 
ín puro, en. una mez 
tüdios 


1 rendimiento, si 
tivamente eon 


rra. solamente 


tivos en ase 
Estos à 


s neeesitarán de 


serrín y tierra, y en 
, especialmente en Io que se rei 


ión u otros 


»idez el aserrín o materiales similares, Pa 


'seomponer. nn 


nte la manteneión de una hnmedad. ade 


evidente que es un fae 


en los produetos en de va que éstos tan sálo 


veniente de la. preeipi 


RODUCTION 


This is an account of a continuation of work reported previously, 
(2,3). It. was found that a relatively pure organie colloid, methocel, 
and an industrial waste produet, lignin, showed some promise as 
aids to plant growth, when these were added to the medium in 
whieh the plants grew. Lignin is produced. from many pulp mills as 
the staff of the Engineering 
of New Hampshire has been 


nin sulphonate, Howev 


ealeium 1 
Experiment Station of the University 
interested in the for wood-hydrolysis lignin produced in the 
wood sugar proc since they have an extensive program for the 
Samples of this 
tes 


sugar. 


st grown on this sug 


study of tlie uses for the yes 
iype of lignin have been supplied to us from the United S 
Forest Produets Laboratory at Madison,jWiseonsin. We have tried 
limited tests on ealeium, ammonium, and magnesium lignin sulpho- 
nates, as well as shredded bark from the lo used in pulp mills. 
For comparison with the wood-hy drolysis lignin, peat lias been added 
to some eultures, and a few plants have been tested with rotten 
wood or what amounts to naturally-produced lignin. Some composted 


sawdust has been tried. 
Elsewhere, the trials 
tively few, although the literatnre is very es 


made of lignin as a soil amendment have 
ensive 


been eompar 
on the use of sawdust for sueh. purposes. Alderfer, Gribbins, and 
Haley (1) have worked with a eoncentr: ed form of waste sullite 
liquor eontaining a fairly high percentage of lignin sulphonate. They 
added this to soil primarily to study tbe effects on aggregation of. 
soil particles, altiongh some plants were grown in greenliouse tests. 
They concluded that the ehief effect of this material was to improve 
soil strueture. The results reported by Sowden and Atkinson (6) are 
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in general agreement with this. Spulnik et al. (7) have tried additions 
ie sulphite liquor to soil. Sunflowers grown in this showed 
benefit from moderate amounts but showed toxic effects from heavier 
applieations. Experiments by Phillips et al. (5) on ammoniated 
such material hia 
in improving plant growth when added to soil. 


of wa 


waste sulphite liquor showed that 


some possibilities 


METHODS 


"The prineipal avenue of approach to this problem has been to add 
these materials to soil and grow plants in this 
growth aud yield to plants grown in soil only. Plants used for these 
tests have been mostly potatoes and tomatoes, although a few other 
kinds of plants have been grown. In all eultures an appropriate 
amount of commercial fertilizer w 
grown in the greenhouse in various containers such as lI4-quart 
galvanized pails and 1-gallon and 2-gallon glazed erocks. The interiors 
of the pails were first coated with melted beesw. sphalt paint 
to prevel anie matter added 

aried from about onehalf liter per eontainer to one-third of the 
volume of soil. Since the lignin was moist, measurement of it, was 
done on a volume ba: 


soil und. compare the 


is added. "hese eultures were all 


or 


it. corrosion. In 


eneral, the amount of or! 


. As first. received, 500 ml. of the lignin 


weighed about 325 grams. For some eultu the lignin or other 
organie material was placed in thin layers between layers of soil. 


In otliers it. w 


as mixed intimately with the soil. 
taken at all times and. with all eultures to have 


the experimental plauts as uniform as possible and to minimize the 


Great e 


re w: 


errors of random sampling. When tomato seedlings were used, they 


were started in sand in advance and only the most vigorous and 
uniform specimens were ehosen from a large population to transplant 
to the eultures. With potatoes, only high-quality, certified seed was 
used. "hey were allowed to green or bud out in diffuse light in the 
laboratory for à few weeks before planting and then only those with 
the most uniform and vigorous sprouts were ehosen for planting. 

"The location of the individual containers was shifted, usually at 
weekly intervals, to avoid the effeets that would be produced if the 
positions of these eontainers were not: changed. 

Besides soil eultures, a small number of plants were grown in 
Water and sand. The nutrient solution for there eultures had lig- 
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compared with cultures 


nin added to it, and these eullures we; 
containing no lignin and with eultures containing other colloidal 
materials. In the first group of cultures only sifted lignin witl a 
partiele size below 200 mesh was used. 

Because of the variation in some of these tr 
tlie presentation clearer to take up some of tlie more specifie details 
of methods along with experimental results. 


ments, it will make 


EXPERIMENTALS RESULTS 


A. Water and. Sand. Cultures 


1. Water eultures with (2) nutrient solution alone, (control) (b) eot 
loidul eluy, (e) methocel, (d) eolloidal lignin (wood hydrolysis). 
lon size erocks with two plants 


Jorn seedlings were grown in 1-gi 


per eroek and seven eroeks per treatment. "The amounts of nutrient 


These were dissolved and distributed equally among. the 
1 water suspension of dia 
ate of 0.142 gms. of eli 
l a solution of methocel 
. For preparation of the 
ugitated 
ergitol » 


one-fourthi of the eultare eroc 
dded at the 
roup of seven eroeks 


on a dry 


loidal € 
basis. Another g 
added at the rate of 2 gms. per 1-gallon ero 
lignin cultures, sifted dry lignin. below 200 mesh size wi 
thoroughly in water witli a few drops of wetting agent, « 
Penetrant 4. This was added at the rate of 0.4 gms. of dry lignin 
per eroek to another group of seven eroeks. The solutions were ehang- 
ed as originally mixed in all eultur weekly intervals, oecasion- 


ally adding small amounts of dilute sulphuric d to prevent 
ehlorosis, The seedlings were plaeed in holes in wooden suppor 


each being held in place with a little cotton. "Phe supports rested on 
the tops of the eroeks, The plants gr rly uniformly and vigor- 
ously and there was no partieular visible difference in the plants 
growing in any of the eultures, except that there was a marked 
brownish coloration of. the roots of the plants in the lignin medium, 
which was probably due to the adherence of lignin partieles to the 
roots by adsorption. By the time they were forty eight days old, the 
plants were mostly over two feet tall and rather large and unweildy 
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for further growth in these eontaine 
time and a summary of the dry. wei, 


"hey were harvested at this 
its appears in Table 1. 

ssion of these results will be reserved for consideration along 
with that of the next two sets of eultures. 


TABLE 1 


Effect of Colloida! Materials Added to the Nutrient Media in Water 
Culture on Growth of Corn Plants 48 days old 


——— —MÀ—M— M M— 
E Roots 
Treatinentà Dey. wt- totals 
b 14 planta 2 Dry wt. totals Average 
me 907 palis | o£ 14 plants | of 7 pairs 
———— ————— 
Control, nutrients only... i. 28.4 3.4 1.6 ja 
Colloidal elay, 0.14 gms; per 1 ] ; 
xal. eultare. jar plus nntri- 
ents . wes] — SÉ $.1 E 
21,8 9. 1,3 
Methocel, 2.0 gms, per. 1 gal. | l 
enlinre jar plus nutrients... 22.7 3.2 7.8 1a 
in, 0.4 giis. per 
1 grad. eulture jar plus nutri | 
ents 16.8 | 2.4 TX dq WX 


Woter cultures with (a) nutrient. solution. alone, (e 
loidul lignin (wood. hydrolysis), (e) neutral caleium 

Tomato plants were grown in th eultures wli 
in mueli the sume way as given above, »t for some slight. vari- 
ations in theamounts of nutrients alts, he ealeium lignin sulphonate 
was obtained asa dry powder but it dissolved completely in the 
nutrient. solution. "The plants grew vigorously to maturity and a 
vousiderable erop of ripe fruit was harvested. A summary of results 
is presented in Table 


ntrol), (b) eol- 
gin sulphonate, 


li were prepared. 


S. Nend  eultures: aith. (a) nutrient. solution. alone, (control), 
(b) methocel, (0) eolloidal lignin (wood hydrolysis). 

Buntlower plants were grown in materials of' two different te 
whieh wei 


Lures. 
the sume as deseribed previously (2), i. e, coarse gravel, 
and relatively fine sand. Sinee some benefit lad been found for 
methocel in improving growth of plants in sand, it seemed desirable 
to eompare it. with lignin as a modifier of texture. 
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TABLE 2 


Effect of Colloidal Materials Added to the Nutrient Media on Growth 
of Tomato Plants, Valient Variety 


d of ripe fruit per 
plants, grams 


"E reatmeuts 


Control, nutrients only ... 
Colloidal lignin 0,9 grams per 


plus nutrients. 1023.6 146.2 
Nentral ealeimm lign 
grams per 1 gal. jar plus nutrients... . 1068.1 152.6 


The plants were grown in I-gallon-size glazed erocks, forty-two in 
all. One lialf of this number contained sand, the other half gravel. 
One third of ea »ven erocks, received nutrient. solution 
only, another third received nutrient solution plus methocel at a 
rate of 4 gms. per 14 erocks of both. sand and. gravel, wliile the last 
third received sifted lignin at a rate of 2.8 gms. forthe same number. 
The nutrient solutions were made up in a similar way as described 
above and were added in amounts of 500 ml. per crock. Stoppers 
were placed in the holes in the bottoms of the erocks with inverted 
porous saucers above them and the levels of the solntions kept to 
the top of tie sand or gravel at all times with additional water. At 
weekly intervals tlie solutions were drained, the sand or gravel was 
flashed thoroughly with water, and the solutions were renewed. 


/hi group, or 


n 


TABLE 3 


Effect of Coiloidal Materials as Modifications of Texture in Sand Culture 
with Sunflower Plants 


Sand 
"Trentiments wt. totals | 
Depot Toti Vries | Dite tetnls | Average 
of 7 ophu u of T plants | o7 plauts 


(gms) 


Control, nutr 


Methocel . 


Lignin 


S. Dess. Juffuenee of ligni md other wrste inalerils on. plunt qeaeth 


"The plants grew nniformly and vigorously within each treatment. 
"Ihe size of tie plants in. the sand was quite visibly greater than 
those in tlie gravel, as may. be seen from Figure 1. The plants were 
vious to blossom formation, and the dry weights 


lharv 
of tops were tak 

There are several eonelusions to be drawn from a comparison of. 
the results of the separate treatments within this 
well as a comparison of them with the results from the more fluid 
media reported above in parts 1 and 2. Considering the fir 
comparisons, one of the evident conclusions is that. both lignin and 


ed just pr 


n. 'Phese are summarized in 


experiment. as 


set of 


iethocel are quite effeetive in inei ing growth in and in contrast 
to controls of sand with nutrients only, bnt in gravel they are not 
effective. 'Phe results when using methocel alone with sand and gravel 
were similar(2). The reasons for this would be rather speculative 
bnt it might be a fair assumption that both methocel and lignin aet 


ater surface contaet of the root hairs with the sund 
onsequent greater ei "sorption of nutri. 
rt of aetion. could not be near! effective with the co: 
particles of the gravel. It should be noted in this connection that tlie 
liown in Figure 1 as typical of sizeof the plants grown in sand 


in causing g 


les and e in 


plants s 


and gravel were both supplied with iin. However, this general 
size relationship of the plants would hold quite closely in comparing 
the two textures with methocel in both of them. 1t would also hold 
for plants grown in sand with either colloidal material compared to 
those in s 

In eontrast to the beneficial ef 
find from the yield figures on 
valnes for the colloids that are fairly elose to the controls 
small inereasse in yield is given with colloidal cl 
general result; re been often observed with tomatoes grown in 
water ealture with and without lignin added to the nutrient media. 
Thus, it is evident that the modifying effect of added colloids does 
not aet in a beneficial way to the same extent in water eultures as 
it does in sand cultures. 


nd with nutrients only. 


ts of added colloids in sand, we 
er eultures in "Tables 1 and ?, 
Some 


v. These same 


B. Soil Cultures 


In the beginning of this experimental work several isolated sets 


of eultbures were grown witli various erops, eaeh. with its own g 


f eontrol plants in soil to whieli no organie matter was added, The 


oup 
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single erop. 


soil Irom each of tese was discarded at tlie harvest of a 
Later on it beeame apparent that it: would be desirable to study the 
residual effects of some of tliese organie materials on growth, i. e., to 
s done for 


» erops in these same lots of soil. This w 


grow suecess 
several sets of experiments. For convenience, these two types of 
tests will be called: 1l. single erop (non dual) enltures and 2. 


successive (residual) eultures. 


1. Single erop (non-residual) eultures. 

The general methods of growing thes 
deseribed. No attempt was made to 
constant moisture eontent beenuse of the large amount of labor 
involved. Sufficient water was applied by a hose as often as tlie 
appearance of the soil indicated a. need for it. Potato plants were 
grown until they were completely mature, and then tlie tubers were 
weighed. In tle ease of the tomatoes, the fruits were gathered and 
weighed as they ripened until nearly all were harvested. Usually 
the last few small ones were harvested all on one day, whether fully 
eld weights for any one plant. were added for 


plants already has been 
p the soil at a uniform or- 


ripe or not "Then the j 
the total yield. 
"The?results for several separate e 
Table 4. "The material most frequently used for compii 
s lignin. with a seattering of trials with 
mall 


vperiments are summarized in 
son with 


controls was wood hydroly 
peat, lignin plus sulfur, and rotten wood. The lignin earrying a 
amount of sulfur was tried because of the interest in its effect on. 
It afterwards proved to have no effect on this. "Phe 


starch. quality 
trial of lignin and sulfur with onions was made beeause of the known 
relation of sulfur to the aromatie constituents of that plant. The 
1t should be 


sulfur was toxie at the concentrations used, however 
noted that tlie results for Experiment N* 1 in thetable were published 
before (4), but are repeated here to make the da 

"he salient features of this table may be sought best by consult- 
ing tle totals at the bottom. The first series of totals is for controls. 
compared to lignin as far as these Ww tested simultaneously. The 
those plants grown in controls, lignin, and 
the lignin 5 ome slight 


a more complete. 


urizi 


second set. sum 
peat simultaneously, ete. In. genet 
advantage over the. eontrols ; in individual exper 
and 6, it sliows considerable advantage. The difference in total yield 
tion of the standard error. 


ul 10w| 


ients, as in No. 1 


is not signifieant as shown by € 
However, the use of these materials in greenhouse eultures probably 


TABLE 4 
Effects of Various Organic Materials on Yields of Single Crops (non-residual) in Different Soils. 


S. Dess, Dnfhuener of lignin 


«nd. other waste materils on. plunt gravth 


Potato 


Tomato 
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«loes not tell the whole story as 
be dis 


gards possible advan 


:ussed Iater. 

"The few tests on both peat and rotten wood show no tc 
over the eontrols, although one individual trial in. € 
yields. 

Experiment 4 of Table 4 also ineluded some tests witlhi neutral 
peat, nentral Hignin and. ealeium lgnin suiphonate, AI 
lower than tlie. eontrols 
all. In fact, in soil to wh 


increase 
ch gave better 


ve 
nd the lignin sulphonate was poorest of 
s added it was vi diflicult to 
get plants started. It was necessary to replant, many times, 

At tle elose of eac 
pH and nutrient anal y: 
between the controls and the tr . "The pHT 
nearly always elose to 5.0 and the nutrients present in moderate 
amounts except. the nitrate nitrogen and tli 
which were often nearly exhausted. 


hi this w 


experiment samples of soil were taken for 
s. Usual 


there was some slight. difference 


alues. were 


ammonium nitrogen 


2, Suceessive (residual) Cultures. 

As indicated above, these were grown to determine the effeets of 
organie materials on erops grown in the same soil in succession. One 
series was grown in fine, sandy Newmarket 
whiehl are summarized in 
was grown in galvanized pails, ten. per treatment. "Te treatments 
consisted of the addition of 900 ml. of lignin per oil and the 
addition of the same amount of peat. to another ten p: "The 
controls contained soil only. After the harvest of this erop the 
was removed from the pails and placed in thre 
ing totlieir respective treatments. Each piles was thoroughly mixed 
and to each of tliose previously tr lded enough lignin or 
peat to equal one-third of the total volume when returned to the 
eontainers. The containers were two-gallon eroeks which were used 
for all of the remaining erops. Each erock of soil received 35 gms. 0 
8-16-16 fertilizer which was placed in a thin layer in the soil. half- 
way between the top and the bottom. These three sets of crocks 
were then allowed to stand in the greenhouse for 75 days without 
vegetation before tlie next erop was planted. During this composting 
period the soil in each was kept thoroughly moist. 

"The. second erop consisted of tomatoes, and as the figures for the 
average yields do not give tlie full pieture, some statements about it 
are in order. Tomato seed of te Rütgers variety was started in sand, 


the results of. 


;le 3. Crop No. 1 eonsis 


sep e piles aec 


ed w. 
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and about three. weeks later, when the plants were two to three 
inches tall, they were transplanted to the crocks of soil. From the 
beginning, great diffieulty was lin getting the control 
plants to grow, and in faet, many were replanted two or tliree times. 
Since the. plants were started in October, additional artificial light: 
vas eriven from the time of planting for si 
middle of February the hie: 


xperien 


hours eaehi evening. By 
re in the fruiting st 


thy plants w 
and the following observations were made : 


a) Controls. 


5 plants entirely dead from early in the start of the experiment. 
of fair size, but yellow and in poor condition. 


2 plants in good condition, producing fruit. 


3 plan 


h) Lignin 
1 plant totally dead. 
2 plants 


f fair size, but yellow and in. poor condition. 
7 plants in good condition and produeing fruit. 
e) Peat 

1 plant. yellowing and in poor condition. 


9 plants in zood condition and producing fruit. 


"The average yields for this erop, then, given in Table 5, are based 
upon two plants for control; 
for peat. 


even plants for lignin, and nine plants 
TABLE 5 


Residual Effects of Lignin and Peat in Soil Mixtures on Plant Growth 
in Newmarket Fine Sandy Loam 


Average Yield in Grams 


King of Crop 


| Matter Added | contio] 1 


lsusae| vu | 
.|1012,46| 4/20/47 


| 
| sou. | ess 621 | 660 
| l/8ofsoil| 576 | 680 | T9 


volume 


yas | sea | 
9/547 | 5/148 | — Toma 
3948 | 1/27 48 


» 947 | TIS | 503 
oes » 63 447 | GRO 


4| mi 


The explanation of this effect. is probably to be found in too high 
à concentration of some nutrient. element. or group of elements. A 


*eonsideration of the analyses of tlie. soil given in Table 6 indicates 


TABLE 6 
Soil pH and Nutrient Analyses After Crops Given in Table 5 
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nitrogen and possibly potassium toxicity as a eause. "These analyses 
are of samples taken shortly after te. harvest of each. erop. While 
the amount of nitrate nitrogen in the control soil i 


$ 


shown to be in 
excess of very high, it should be noted that the amount of nitrogen 
before adding fertilizer was low, and this soil received no more than 


very low 


the other treatments. No other element seems to be high enough to 
be injurious. Another explanation that might be advanced is that 
there may be a toxic effect. from the activities of the roots of the 
previous erop or from the activities of mieroorganisms. "The fact that 
either of these effects did not appear in the other two soils might 


irace 
irace 


4 35 gms of 8-16-16 feri 


be attributed to the adsorption qualities of the organic matter, and 
the use of nitrogen in the decomposi 
microorganisms, 


on of organic matter by 


low 
low 
low 
low 
low 


very low 


For erop number three, whieh wi 
again emptied. from the. eroeks 


again tomatoes, the soil was 
and re-mmixed, adding fertilizer ele- 
ments to make up for the shortages revealed by the analyses of the 
soil. For example, tlie eontrols received. no further applieation. of. 


nitrogen, but did receive moderate amounts. of superphosphate. 


magnesium sulphate, and ealeium carbonate, 


No diflieulty was eneountered with this erop in getting the plants 
ted or in their growth thereafter. The. control plants grew more 
vigorously than the others, 


Crop number four gave somewhat of a repetition of the performance 
of erop njunber two, exeept that. none of the plants died outright. 
However, many of the eontrol plants were stunted, In this ease there 
was even less of'any on 


very low 
very low 

very low-low 

very low-low 


standing differen 
analyses to account for tlie effect. 


s in either pH or nutrient. 


It is obvious from the foregoing. descriptions of the behavior of 
these erops that. the. numerical. yield data do not indicate the full 
effects of tese treatments. Although the totals and averages of the 
yields of the. three t 


tments indicate a. slight; advantage for the 
soils treated with organie matter, a ealeulation of tlie standard error 
reveals that the differences are not significant. 


4.6 


Some observations on the appearances and. pliy: 
tliese soils 


eliaraeter of 
made during the growth of the last erop may be of interest 
at this point. "lie eolor of both soils with organie matter was much 


Peat 


darker than the controls, and it was mueh easier to sink a trowel 
into them. There was no evidence of separate particles of either peat. 
or lignin, whieh showed that probably the peat and the lignin were 
now thoroughly ineorporated into the soil. Casual observation showed 
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du 
that it required mueh less time for water to sink into tlie soils to 
whieh peat or lignin liad been added. This would ls am impartent 
faetor in aiding the penetration of rainfall and in avoiding rapid run- 
off. "These soils are being saved for further growth tests. ] 

Two other types of soils, heavy elay loam and a loamy, fine sand, 
were tested for residual effects of lignin only and for a fewer müniber 
of evops. "Ple results of these tests are summarized in Tables Ü and 
8. It is evident from these results that lignin does not benent the 
soil types, at least, under these conditions. 


growth of erops in tli : 
With clay, in partieular, it seems difficult to seeure any response 
from added organie matter, at least under greenliouse conditions. 


TABLE 7 


Residual Effects of Lignin in Soil Mixtures on Plant Growth 
in Clay Loam 


Date Date. Kind Amount of Liguin. 
Tlanted | Harvested | — of Crop per Plant 


LÉÓÁ——— ——Ó— 


Potatoes 1000 ml. 

1nbers 
s 59.0 68.0 

M, 4/15,48 "Tomatoes | same 59. 
2/MAT.,| 471 r A 
| (fresh. wt. of tops) 59.0 | 
ry 531,9 
HT..| 4/15/48 |. "Tomatoes 1/8 of volume 581. 

11/14/47..| 4/154 S iin 
5 8/48..| 9/20/48 |. "Tomat same NEUE 
' 1929.4 


"Totals. . 


TABLE 8 


Residual Effects of Lignin in Soil Mixtures on Plant Growth 
in Loamy Sand 
(10 plants per treatment) 


| Avene Yield in Grams 
Amount of Liguin 
o Kind of Crop ER ——À 
Planted. á per Plant. — m 
2/15:47..| 6/10/47 Potatoes 1000 ml. E kd 
8/20/47..| 1.29/48 | Tomatoes 1000 ml. i 1024 882 


Totals... 1569 1239 
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SOIL CULTURES WITH LIGNIN TO SHOW EFFECT 
ON STARCH OF POTATO TUBERS 


These eultures were grown because previous published results (4) 
had shown some indication that lignin in the soil might intluence 
starch content of potato tubers, AI of the previous potato cultures 
mentioned here were the Green Mountain variety, whieh agronomists 
know to be one of the higher producers of starch. "his quality makes 
it desirable for the manufacture of certain food products, but tlie 
Green. Mountain is more subjeet to net necrosis and other virus 
diseases than eertain other varieties which are not as high in starch 
produetion. It seemed of interest to test this point farther, i. e., 
whether another variety, desirable in other respects, could have the 
"eli eontent of its tubers inereased by such. soil treatment. The 
Katalidin potato was ehosen as a representative of this group and 
plants of this variety were grown in two types of soil, a heavy cla 
loam and loamy, fine sand. "Pwenty plants were grown in each, in 
pails, and half of each group received additions of lignin at one-third 
volume rate. "he results as shown in "Table 9 show that the lignin 
trentments were not effective in increasing the yield or the starch 
content of this variety. "The analyses of stareh. were made by Dr. 
Joseph Seiberlieh, ofthe Engineering Experiment Station, and were 
made upon all of the tubers above 50 grams in weiglit. per individual 
tuber, 


st; 


TABLE 9 


Effect of Lignin Mixed with Soil on Yield and Starch Content 
of Potato Tubers, Katahdin Variety 
LI (Planted. Februnry 23, 1948) 
———————————————— 
Lonmy Fine Sand Clay Loam 


Liguin — 
1/8 volume. E, 

2902 3978 4013 

14.98 11.52 13.25 


NOIL CULTURES WITH SHREDDED BARK 


Bark from the logs used in the paper pulp mills isa by-product. 
produeed in large volumes, and so far, very little nse has been found. 
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"The plants were transplanted to these eroeks when they had 
reached a size about two inches tall. Almost from. the first the plants 
in tle bark cultures grew vigorously, but great diffieulty was ex- 
perienced in getting the control plants to grow. Many ofthem weakened 
and died, and to these cultures new plants were transplanted, Careful 
tests of tie steam showed no toxie substan from The yields 
which appear in Table 10 were taken from the surviving plants. 
Later, two crops of tomatoes were grown in nonsterilized soil and 
show no advantage from tlie bark tr atment. The first erop of tomatoes 
zed soil was grown in erocks and. the econd erop was 


sample of eoniferous bark, largely spruce and liemloek, wi 


for it, 4 liredded 


obtained from the Brown Co, of Berlin, New. Hampshire, shredd 
in a hammer mill, and mixed with soil in whieh tomatoes were nm 
The soil happened to be a loamy tine sand. that DES been freshly 
sterilized with steam. The plants were grown in one-gallon siz 
;ed eroeks with one liter of bark mixed flioroughly inich the 

m each of the ten eroeks. Another tem erocks received pu ony x 
controls, Half-way from the bottom of each erock a layer of 10 Mes 
35-10-10 fertilizer was placed, i. e, half-way between the top and the 


in non-ster 


bottom of the soil mass. grown in p: Soil samples were taken and. analysis revealed that 
TIS the soil alone, before any fertilizer had been added, contained quite 

"e d Yields of Tomatoes in Soil with large amounts of some nutrient elements. An analysis at the harvest 

RRSe eins ps SRReRt Sue Sterilization ofthe erops as given also in "Table 10 shows that apparently the 


- - steaming made tlie nutrient elements available to an extent to make 


FENS them toxie, which was further aggravated by the addition of the 
Dae | Dae | Kind of Se | deae Em fertilizer. It may also be assumed that the shredded bark either 
BUM. SERENEME Y SR p absorbed, or in some other way minimized this toxic effect and 


inereased the uttilization of nitrogen by mieroorganisms This is 


|| 386 358 further borne out by the fact that the otlier cultures without sterili- 

esses Mp AMI | ps - | zation grew fairly well with or without bark and with no increase 
| ! 2 in yield from the bark treatment. 

| 1000 0l | E e 1 lt thus appears that shredded bark has some possibilities as à 

seule | conditioner for very fertile soils, or for use as acarrier for. fertilizer 


elements. 


RESULTS OF PH AND N| 


SOIL CULTURES WITH DISTILLERY WASTE 


"UY ABOYE CROPS Wii 
Distillery waste in fresh. condition was obtained from a plant in 
BHONOQN| NHON| PO] K hs Newmarket, New Hampshire, and an analysis of it revealed 6 per 
D | | —- cent, dry matter, 4 per cent of which. was nitrogen. "Therefore, 2000 
esses oa sam. Rl m grams of the. fresli waste would contain nearly 5 grams of nitrogen. 
sterllized (3.50 very *| dew | ed iu to Since it had such a high. water content in the fresh state it. was 
soil only Nigh pud | | s | ex discovered early that when it was added to the soila large mold 
y: terilized 5.73 p med. | low med. v high ! growth was fostered, and plants too close to the waste did not grow 
Bess very good] sitit ne x | high | high | well. This was true of lettuce and radish plants whieh were first 
l e grown in mixtures of the waste with soil. It. was better praetice to 
C....| good | mon-steril- |5.38| very | low | ve | nd | us | bus apply the waste to the soil a considerable time in advance of starting 
ized soil | high d idea: the crop in order to allow. this abnormally large fungus activity to 
only Ly T low | very | very | very | low- pass, It was also found that in pot cultures in the greenhouse about. 
Tower adm. eur aae low- | high | high | med. 
ized soil 5 
& bark li dew 1 ls 
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the eas way to handle and apply it was in layers placed between 
"layers of soil. Beeause of its pasty consistency it would be diffieult 


to mix intimately with the soil. 

Data on yields for three erops are given in Table 11 together with 
the soil treatment. It shonld be noted that an equivalent amount of 
nitrogen was furnished to the eontrols as that contained in the 
distillery waste. Whether this is a fair comparison is not certain. 
For potatoes, the distiller, s distinetly adverse, but for one 
erop of tomatoes it was slightly beneficial. Work with this mate 
was ended at this point due to the closing of the distillery. 


a 


waste w 


TABLE 11 
Effect of Distillery Waste on Yields of Potatoes and Tomatoes 


| Amt Y 

Dato ius | Xi ofCrop | Plont of Dist- | ———— — ————— 
Tini | areeed ilery Waste | Control |Distillery Waste 
na ——————MH 

|. Potatoes — | 300 gus. m 284 

natoes (sume 130 | 80 

soil as above, 
| remixed) 
ns 
4AVAT | 8/27/47. | — Tomatoes — | 1018 1222 


SAND CULTURES WITIL COMPOSTED SAWDU. 


Sawdust and rotten. wood had. composted for one year before the 
eultures were started. The composting materials were plaeed in 
outdoor wooden bins or eribs with one side made of boards in a louvred 
fashion for aeration. "The bins were or cubieal shape, four feet 
in each direction, witli a perforated hollow wooden cylinder in the 
center to aid aeration. In. November, 1946, the following materials 
were placed in the bins in approximate proportions by volume: 
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Tested December 


Serial Ne Ki of Mai 


| pn Aldehyde Test 


2/3 sawdust - 1/3 manure 6.18 slight. 

2/8 suwdust -- 1,3 manure 4- 6.16 slight. 
5 lb. urea 

2/8 sawdust - 1/3 soil [E medium 

Hotten wood. 4- 5 Ib. nrea | 6,32 large 


A little over a year Jater some material was taken from three of 


ltures of growing plants in the greenliouse. 


me time samples of each tested for sugar 
and for pH as is given above to gain some information about the 
progr 

Most of the work thus far on. the ntilization of wood waste had 
been with soil eultures, but beeause of some of the variable results 
obtained, whieh in turn might be attributed to the variable charae- 
ter of the soil, it seemed advisable to try some eultures in sand. 

'Tlie compost materials were each mixed thoroughly and sampled 
for nutrient analysis, and guided by this, appropriate nutrient salts 
were added to make up for deficiencies, Arbitrarily, about one-third 
of each kind by volume s mixed with two-thirds of sand and each 
placed in ten pails. A set of control eultures was set up with nutrients 
and sand only, ind on November 1947, these eultures were planted 
with seed of the long "Tendergreen. variety of string beans, five per 
pail, whieh were later thinned to two of the most vigorous plants. 


of decay. 


OBSERVATIONS ON CULTURES& 


By January 5, 1948, or earlier, there were quite marked evidences. 
of ehlorosis and other adverse effeets on some of the plants. However, 
the control plants were conspicuous. for their good dark-green. color 
and freedom from injury of any kind. The remaining cultures all had 
the same type of symptoms, i. e. mottled chlorosis and neerotie 
borders of older leaves. Slight differences conld be generalized: rotten 
00d, mottled chlorosis of upper leaves, dead edges on older leaves; 
sawdust and manure, pale green-yellow of young leaves, dead border- 
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and mottled elilorosis of older leaves; samdust aud soil, necrotie edge 
and mottled ehlorosis in all but youngest leaves, 

The next day à eomplete nutrient solution was given to all the 
cultures. They were flushed out thoroughly with tap water and the 
]s thereafter. By January 15, 


solutions were added at weekly inter 
the appearance of the newer foliage had markedly improved. 

On January 20, the harvest and weighing of fresh pods was begun. 
These were pieked at marketable size, and the harvest continued 
until March 3, 1948. At this time the tops were harvested and 
recorded along with the summary for the pod harvest in "Table 12. 
"The weights for the tops may not be very reliable as considerable 
dropping of leaves oceurred before this. It is interesting to note that 
in general they follow the order of magnitude of the weights of. 


tlie pods. 


TABLE 12 


Effects of Composted Sawdust on Total Yields of String Beans 
and Potatoes in Sand Cultures 


: - - 
| | sent a | Sand O| Sand 
Date Date $E " 3 ted. omposted | composted. 
Planted. Harvested. Jis ieti d. sand only rot sawduat sa wilnst 
weed  jamd manure| and soil 
EI —ÓÁÁÁ———— ——M—M—— B 
11,290 47| 3/348 String beans, 448,3 336.5 300,4 130,6 
fresh pods 
Striug beans, | 853.0 | 690.0 | 630.0 | 440.0 
fresh tops | 
3/18/48 | 7/22/48 Potatoes 1107.1 901.3 363.4 1854.8 


As shown there, the best. yield was from the control plants 
would be expected from the better appearance of the plants all 
through their growth, followed by the rotten wood yields, sawdust 
and manure yields, sawdust and soi! yields, in that order. To obtain 
some idea as to whether tlie differenees in yields could be attributed 
to any differenees in nutrients, samples of the culture media were 
taken for analysis soon after harvest, the results of which slowed no 
distinet diferences. All were rather low except. phosphorus. The pH. 
varied between 3.0 and 6.0. It seems safe to conclude that the 
adverse effects from the eomposted material may have been due to 
a lack of nitrogen or perhaps toxic substances from the sawdust. In 
other words, the composting process had. not proceeded far enough 


J 
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to make these good media for growth. This is further substantiated by. 
the me ealture materials. 
In this ease the yield with tlie poorest material for the beans is the. 
best for the potatoes. 


sults from a potato erop grown in these 


"These potatoes were grown in pails affer emptying, remixing, and 
adding fertilizer, but omitting phosphorus whieh was high already. 


SOIL AND SAWDUST CULTURES 


A test s made of the. growth. of tomato plants in three media 
(«) soil only, (b) sawdust, only, and (e) soil !/s sawdust !/j, mixed 
thoroughly. Because of several interesting developments in this. 
experiment, the procedure will be d. 

"The literature. contains many 
addition of sawdust to 
is bad in its effeets becaus 
contains and whie 
action of the baeteria n 
first-hand information w 


bed in some detail. 


»unts of experiments of the 
re agreed that. fresh sawdust 
of tlie large amount of cellulose which it. 
1 depletion of nitrogen in the soil by the 
ded to deeompose it. Nevertheless, some 
"specially on tlie growth of plants 


us 


sought, 


in pure sawdust. 

Asa preliminary trial, seven potato plants were grown in each of 
the three. combinations mentioned above. "The seed pieces were 
sprouted in sand in November for abont a month and then were 
transplanted to the eultur 
TTo the top of the medium in e 


. whieh were one-gallon eontainers, 
of 816-16 fertili. 
and one gram of pure urea. were added. Contrary to what mi 
expected, the plants all grew and thrived about equally well in the 
three materials, probably because the nitrogen and other nutrients 
were entirely adequate. No yield data are available because the 
eroeks were too small to grown potato plants to maturity. After the. 
plants were pulled up, the eoutents of the eroeks were emptied into 
Hiree separate piles according to their respective identity, thoroughly 
mixed and simples taken for nutrient analysis as given below : 


eli ci 


»ek five grau 


"mIvIPccCX——————M— 


70 LILLOA XXVII (1993) 


Nutrients in Growth Media After a Crop of Potatoes 


Material pH |NO;,N| NH,N ERE K Ca 
—— Á—À ——— ede em 
Soil only 4.04 | high | — very very | very very | very 

low low low low low 
Soil 4- 4.18 | none | — very. low- very iraee | very 
Sawdust low | medium | low low 
Sawdust 1.13 | low low very low  |very low-| very 
Only high low low 


One or two things about this deserve comment. The pH is quite 
uniform throughout. The sawdust in both cases has lowered the 
nitrogen markedly. Other elements have been depleted to quite an 
extent in all three materials. 

In an effort to eorreet some of the deticiences, the following treat- 
ments vere given, mixed intimately with the soil and sawdust : 


Amounts Per 1-Gallon Crock 


1. Soil only 32. Soil and Sawdust 3. Sawdust. only 
. ure 9 gm. NILNO, 4,5 gm. NH,NO, 
H Ca superphosphate — 10 gm. Ca süperphosphate — 4.0 gm. urea 
. Mg8O, 1 gm. Mg8O, 1 gm. MgSO, 
KCl 8 gm. KCl 4 gm. KCl 
1 . CaCO, 15 gm. CaCO, 15 gm. CaC0, 


On July 30, 1947 uniform tomato seedlings were planted, one per 
eroek, whieh grew fairly uniformly for some time. On September 9, 
four grams of urea was added to eacli erock. 

By October 22, the differences in effeets of these materials were 
quite striking. The plants in. setedust ouljj were the largest, and had 
larger and riper fruits than the others, but the foliage was more 
mature with a purplish and brownish tinge on it. This was probably 
due to a low phosphorus supply, as further brought out b; 
soil analysis. All of the plants in this group were alive, and all had 
fruits on. them. The plants in soil only, although. smaller and with 
smaller fruit, had a good. green color. One of these. plants was dead 
and the otlier one had blossoms but no fruit. 'The plants in soil and 
sawdust were all dead but two and these two were very stunted. 

As the fruit ripened, records were taken of the yields. This was 


ubsequent 
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completed by November 
folo! 


1, 1947. Total yields in gran 


were as 


Sosilnst Only Soil Only Soll 4- Sawidnst 


1228 429 [] 


Shortly after the harvest samples were taken of each medium 
with the results given below : 


Nutrients in Growth Media After a Crop of Tomatoes 


wuem | omm m [E " E x | 
soil only 4.49 | very |. very low- | low- very | very 
high. low med. med. high high 
: | ; 
soil 4- 3,9 | verg |. very high | med.- very | very 
suwdust high | high | high | high | high 
Tt Tu 
sawdust 7.40 | none very lw | very trace 3 
only | low | lów high 


"The one outstanding thin about this is the high level of nearly 
all nutrients in the mixture of soil and sawdust, especially nitrogen. 
"The contrast between this and the sawdust only is rather striking. 


. The high level of nutrients probably eaused the stunting of the plants 


in the mixture. The supply of all these nutrients was low before tlie. 
fertilizers were added and very similar amounts caused no bad 
effect on the other eultures. This indicates that there is a very 
troublesome problem in growing plants in eultures of this sort, i. e., 
the proper balance and fair method of comparing fertilizer effeets. 
Admittedly this study isofa preliminary nature, but it raises some 
questions for verifieation and further study, probably best per- 
formed in ontdoor plots. 


SUMMARY 


Waterand sand eultures of plants were grown to which finely 
divided lignin and other colloidal materials were added texture 
modifiers. They were without effect in water cultures and they aided 
growth in sand but not in gravel. The efi 
increased surface contaet between root hai 


t is probably one of 
s and sand particles. 


El 
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Plants were grown in soil eultures to which lignin und other 
organie materials were added, both as single op eultures (non- 
sive eultures for the residual effects of. these. 
in the same soil. In each group some 


residual) and as sue 
substances on 
individual erops showed benefit from tle treatments in comparison 
ops grown iu soil only, but the average differenees were not 
li to be significent. It appears from this that there are 
its from. such. treatments. whieh cannot be realized or 


several 


to c 
great enoug 
certain bene! 
made evident in greenhouse eultures. "These would come from 
inereased speed of penetration of rainfall, improved strueture, 
inereased ability to hold nutrients against leaching, ete. AI] these 
are far more effeetive on erops grown in outdoor plots, and that is 
where the possible benefits of sneh organie additions to the soil 
shonld be measured. A possible exception to this would be the 
preliminary testing of the speed of a given eomposting process. "This 
might: well be done in reenhonse cultures. 

Additions of lignin to soil. were without eifect in inereasing the 
st content of potato tabers in comparison to those in soil without 
lignin. "The plants were of the. Katahdin variety whieh is known to 


be ordinarily low in starch. 

Shredded bark appeared to have some value in minimizing the 
toxic effects of high: amounts of nutrient salts in the soil, and other 
than that, its beneficial effects are doubtful. 

Applications of distillery waste to soil gave no benelit to erops 
grown in such soil in eomparison to the eontrols. 

Sand eultures witli eomposted sawdust showed that. this material 
the eomposting has progressed 


may be valuable in inereasing yields 
long enough. "This is further substantiatel by experiments on erops. 
grown in pure sawdust in comparison to a mixture of sawdust and 
soil, and soil only. Further study is needed on these points, especial- 
ly on methods of composting or other methods of breaking down 
sawdust and like materials more rapidly. It seems evident that one 
important factor may be the maintenance of proper moisture contents 
of the composts since tliese received none other than that from natural 
precipitation. 


7. 
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